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Abstract:  Objective  The approach of reducing chemical fertilizer usage while increasing the application of organic
amendment is a common strategy for maintaining optimal crop yields and preserving soil ecological functions. Biochar, as a
carbon-rich, alkaline, and porous byproduct produced from biomass pyrolysis, has great potential in soil biodiversity restoration
and soil health improvement in acidic red soil areas. = Method  This study conducted a 2x3 full factorial interactive design
experiment in red soil cultivated with sweet potato-rapeseed in subtropical arid areas. The experiment involved the application of
organic amendment (control without organic material application, straw, and biochar) and two fertilizer application rates (full
dose of NPK fertilizer and reduced dose of 60% NPK fertilizer), totaling six treatments. The aim was to investigate the impact of
biochar application on nematode communities in upland red soils and to understand the underlying mechanisms after five years of
application.  Result  The results indicated that under full chemical fertilizer application, the use of biochar significantly
increased the abundance of bacterivores and the ratio of microbivores to herbivores, reduced the root-to-shoot ratio of sweet
potatoes and soil soluble organic carbon, and increased soil mineral nitrogen. Under reduced chemical fertilizer application,
compared to the control and straw application, biochar significantly increased the abundance of total nematode, bacterivorous,
herbivorous, and omnivorous predators. Simultaneously, it increased the sweet potato root biomass, root-to-shoot ratio, and soil
pH but significantly decreased soil mineral nitrogen. By analyzing the relationship between soil nematode communities and plant
growth as well as soil properties, it was evident that the application of biochar in combination with reduced chemical fertilizer led
to a reduction in soil nutrient availability, thus nutrient limitation prompted plants to allocate more photosynthetic products below
ground, resulting in increased crop root biomass and the abundance of herbivores. ~ Conclusion  This study suggests that under
the background of reducing chemical fertilizer and increasing the application of organic amendment in China, soil fertilization
practices combining biochar application with reduced chemical fertilizer should take into comprehensive consideration the
potential adverse effects of nutrient deficiency on crop growth.

Key words: Upland red soil; Biochar; Chemical fertilizer reduction; Nutrient limitation; Nematode community
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Table 1 ANOVA results of the effects of organic amendment and chemical fertilizers on plant growth and soil physicochemical properties

75 S A HHL R e
Organic amendment Chemical fertilizer OxC
Source of variation
(0) (C)
L) HE A A 2504 M f Shoot biomass 0.55 0.43 0.19
Plant growth property R4 Y Root biomass 0.41 1.52 427
#5ef b Root/shoot ratio 0.91 1.04 6.96"
TR PR pH 526 0.97 1.65
Soil physicochemical Al AT AL DOC 1.17 0.44 452"
property #JFiAl Mineral nitrogen 111 8.19" 1.41
PR R F 2 MWD 0.59 0.55 5.73"

. OxC AE VYR FLICRI S BEAER . * . **fl***F /R P<0.05, P<0.01 fl P<0.001, A, Note: O*C presents the double

factors of organic amendment and chemical fertilizer. *, ** and *** indicate P < 0.05, P <0.01 and P <0.001. The same below.
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Fig. 2 Changes in soil physicochemical properties under different treatments
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Table 2 ANOVA results of the effects of organic amendment and chemical fertilizers on soil nematode community

AR SRR Source of variation

R AR
LR ke
Soil nematode community property OxC
Organic amendment Chemical fertilizer

28 L B8 Nematode abundance 5.05" 1027 4.11°
BN 2k B Bacterivores abundance 6.15™ 0.43 0.36

1 FLTH 2k BB Fungivores abundance 1.11 0.87 0.29
A B2k HUBUE Herbivores abundance 5.117 10.32" 4.52°
W2y gk B Omnivores-predators abundance 1.73 5117 0.25
Tk RO A LR R W 5.78" 0.86 1.91
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Fig. 3 Non-metric multidimensional scaling ( NMDS ) revealing the dissimilarity of soil nematode community composition under different

treatments
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Fig. 4 Changes in the abundance of total nematode and trophic group, and the Wasleska index under different treatments
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Fig. 5 Relative abundance of soil nematode trophic group under different treatments
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Fig. 6 Principal component analysis ( PCA ) of plant growth properties, soil physicochemical properties and soil nematodes community

properties under different treatments
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